Abstract: Magnetic Particle Imaging (MPI) is a real-time imaging method providing high sensitivity and high resolution. A single-sided MPI scanner was presented by . In addition to the general advantage of MPI, this scanner allows for an unrestricted patient access. A first single-sided experimental setup as well as an improved single-sided scanner have been realized. In this paper, the deviation between the measured and simulated magnetic field of the new constructed single-sided scanner will be investigated.
Introduction
MPI is an innovative imaging method that was first published in 2005 by Gleich and Weizenecker [1] . The conventional scanner design has a symmetric coil topology [2, 3] . Sattel et al. presented a single-sided scanner configuration in 2009 [4] . This geometry has a specific advantage in relation to the conventional system. As a consequence of the single-sided scanner design, the patient is better accessible. For the imaging process in MPI it is necessary to generate magnetic fields with a field free point (FFP). Moreover, the imaging process depends on superparamagnetic iron oxide nanoparticles (SPIONs) as tracer material. When the SPIONs are activated by a sinusoidal signal, a voltage is induced in the receive coil. This receive signal contains the excitation frequency as well as higher harmonics (Figure 1 ). The FFP is important for the imaging process and the spatial resolution. Only SPIONs in direct neighbourhood to the FFP contribute to the receive signal. This is based on saturation effects which occur at low field strength. If the particle magnetisation is in saturation, almost no signal will be induced in the receive coil ( Figure 2 ). To provide multidimensional imaging it is necessary to move the FFP in space. This is realized by additional coil assemblies carrying alternating currents.
Methods
Two concentrically arranged coils generate the selection field, featuring the FFP. Furthermore, two different currents in terms of amplitude and direction are applied. This can be interpreted as a modified Maxwell coil setup. With an additional alternating current on the inner coil, it is possible to move the FFP on the common coil axis. An additional pair of D-shaped coils, which is placed flat under the circular coils [5] , allows for a 2D Lissajous-trajectory [6] . In the following, the measured and simulated data of the selection field [7] are used. Therefore, a direct current about 65 A in the outer coil and a direct current about 56 A in the inner coil are applied. Alternating currents in the inner coil or the D-shaped coils were not necessary for the comparison of the selection fields. The field of view (FOV) has a size of 30 mm × 30 mm × 30 mm and 15 measuring points in each direction. Without an additional alternating current the FFP is located 15 mm in front of the scanner. First, a FOV with the same size is simulated. The measured magnetic field is subtracted from the simulated magnetic field (Figure 3 ). Furthermore, a larger FOV is simulated, in order to neutralize the deviations as a result of measurement inconsistencies such as translation and rotation. With a Figure 3 : Deviation between the simulated and measured magnetic field of the 15 measuring points in each direction.
registration, based on the Gauss-Newton algorithm, it is possible to adapt the simulated field to the measured magnetic field. Figure 3 shows the resulting deviation of the 15 measuring points in each direction as slice plots. The x-, y-and z-component are shown in the top rows. The bottom row shows the absolute values. The maximum differences are located at different positions in each direction, and amount to 8.95 mT (x-direction), 10.76 mT (y-direction), 8.75 mT (z-direction) and 14.18 mT (absolute value) in the particular direction. A larger simulated FOV is used for a better adaptation. Without any adaptation the normalized root-mean-square deviation (NRMSD) is around 3.1 %. The average median error sums up to 0.047 and the average relative error is 0.068. After a registration of the measurement and the simulation the NRMSD drops to 1.9 %, the average median error to 0.006 and the average relative error to 0.056. The result of the adaptation is a 1.6-fold improvement of the difference between the measured and simulated field.
Results

Discussion
Overall, the differences between the simulated and measured magnetic field are approximately 10 mT. The deviations are caused by a little displacement of the Hall probe which was used to measure the magnetic field of the singlesided scanner. With a registration algorithm it is possible to reduce the NRMSD to 1.9 %. The prospective goal is an upgrade of the correction with a registration of the vector-valued measured data. With this new approach the difference between the simulation and the measured magnetic field will be much smaller. In conclusion, it can be stated that the results are satisfactory and that according to the outcome the scanner is good constructed.
